129]        ON  THE  THERMODYNAMIC   EFFICIENCY  OF  THE  THERMOPILE. so that the external work per second is
ne- (t — tg)2
*y»                     />•»
^+^
439
We will now compare this with the work dissipated by ordinary conduction of heat along the bars.
If Q be the amount of heat conducted by the n pairs, r/5 rzf the thermal resistances, then
The fraction of this heat, supplied at temperature t, which might be converted into work by a perfect engine working between the absolute temperatures t and tQ, is (t — t0)/t ; so that the work dissipated per second is
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where J denotes the mechanical equivalent of heat. The ratio of this to the useful work is
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independent of (t — t0), of n, and of I. It is further evident that the ratio in question does nofc depend upon the absolute values of the sections, or of the electrical and thermal resistances, but only upon the ratios of these quantities. Thus the efficiency of the thermopile is independent of the absolute dimensions of the bars, and even of the difference of temperatures at the junctions. The power is increased by diminishing the length and increasing the sections to a limit not indicated by these expressions (in which the terminal temperatures are regarded as given), and probably determined in practice by the necessity of conveying the heat to the scene of action.
The resistances being given, the ratio of sections aJi(*\ is to be determined so as to make our ratio a minimum.    This happens when
-1 =
a-J       r^j
and thus we get
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i  <fect on the phase-relations at the point in question. It is evident th one extreme wave is accelerated and the other retarded by %\, and that tl phases are now distributed uniformly over a complete cycle. The result therefore darkness; and the effect of the rotation has been to shift the ima through half the width of the central bright band which, with accompany!]st of wind from bellows.
